The original rule test and the model test can only study part of the working conditions and parameter changes. The numerical simulation method is used to study the bearing characteristics of the engineering pile under more complicated working conditions, and the bearing characteristics of the squeezed pile under the influence of multi-parameter changes are studied. law. The ABAQUS numerical simulation software was used to study the effects of nonlinear stress-strain relationship, nonlinear contact of pile-soil and constraints of squeezed-extended boundary conditions. The analysis results show that the bearing capacity of the nonextruded piles is only caused by the friction between the pile and the soil when the pressure load is applied. The pile-side foundation does not undergo significant deformation and displacement; the piles are subjected to pressure loads. At the time of the pile foundation soil, compression occurs at the end of the enlarged diameter portion, and local shear failure occurs. 
INTRODUCTION
The vortex squeezed-expanded pile is a structural form of the enlarged diameter portion, and the contact area between the pile and the soil is increased to maximize the bearing capacity of the soil around the pile, and the enlarged diameter portion is set at different positions of the pile body. To increase the contact area between the pile and the soil, thereby obtaining a larger single pile bearing capacity and reducing the construction cost [1] [2] . It is currently being used in infrastructure construction such as large buildings, large-span bridges, highways and high-speed rails, large oil and gas storage tanks, and offshore platforms.
Scholars from various countries have studied the pile-forming process and theory of squeezed piles. At present, the theory of round hole expansion is used in the world to study the soil compaction effect [3] [4] [5] [6] [7] [8] [9] [10] , analyze the bearing capacity of pile foundation [11] and analyze the sinking. The soil disturbance problem in the pile process [12] , although the emphasis of the analysis is different, the yield criterion, the flow rule and the scope of application are also different, but the principal stress,dilatancy, stress softening and large deformation other factors constitute the core research content of the theory of circular hole expansion. At present, more and more squeezed piles are used as support piles. Dickin [13] studied the pull-out characteristics of squeezed-expanded piles under the condition of dense soil and coarse sand. The method of centrifuge test was carried out indoors, and the ultimate bearing capacity of squeezed piles in coarse sand was obtained. Anchor plate ultimate bearing capacity. Khadilkar [14] conducted an indoor model test on the ultimate bearing capacity and fracture surface development of squeezed piles. The sand layered dyeing was placed in the model box, and the displacement development law of sand was observed in real time. JianminYu et al. [15] used FLAC3D software to simulate and analyze the bearing characteristics of the piles and explained the failure modes of the foundation soil.
At present, there are many types of expanding piles, and the pile-forming mechanism and bearing characteristics are not the same. In this paper, the vortexpressure anti-extrusion and expansion pile process is taken as the entry point, and the vortex squeezed pile is squeezed by numerical simulation. The failure mode of the foundation soil during the expansion and extension process provides theoretical support for the optimization of the process parameters of the vortex squeezed pile foundation.
FINITEELEMENTNUMERICALMODEL
In order to study the bearing characteristics of the anti-extrusion and expansion piles, the finite element calculation model is established for the enlarged diameter piles, and the pile body material is set to aluminum material, and its strength and stiffness are much larger than the surrounding soil. Under the vertical load, the pile foundation The damage is controlled by the settlement and shear-slip failure of the soil around the pile, and the pile itself is rarely damaged. Therefore, the pile body adopts a linear elastic model. The relationship between the soil around the pile shows significant nonlinear and plastic properties when subjected to loads. The elastic strain portion and the plastic strain portion constitute the total strain of the soil, and the Mohr-Coulomb model is used to describe the soil yield. A contact unit is disposed on the contact surface between the pile and the soil, and there is a normal contact stress between the two contact faces, and there is a shear stress between the contact faces. For the tangential action, the friction model commonly used in ABAQUS is Coulomb friction, that is, the penalty function formula in ABAQUS is used to realize the transition between the sticking state and the slipping state. The pile body and the soil around the pile adopt an axisymmetric 4-node unit. For the enlarged diameter part and the nearby soil body, the stress and strain gradient is large, and the local grid is encrypted.
NUMERICALCALCULATIONRESULTANALYSIS
The ABAQUS numerical simulation method was used to analyze and analyze the nonlinear stress-strain relationship and piles of the soil around the non-expanded diameter section, one enlarged diameter part, two enlarged diameter parts and three enlarged diameter sections. -The effect of the nonlinear contact change law of soil, the model size used is shown in Table 1 .
Analysis of Failure Modes of Foundation Soil In Uplifting And Expanding Pile
It can be seen from Fig. 1(a) that during the ultimate load of the non-expanded pile (P-1 pile), the pile-side foundation does not undergo significant deformation and displacement, and the foundation soil at the pile end is separated from the pile body, and the pile body and foundation are Sliding damage occurred in the soil. 
Soil Failure Mode of Single-expanded Pile Foundation
It can be seen from Fig. 1 (b) and (c) that the single-expanded piles (P-2 and P-3 piles) exhibit the characteristics of a one-point end bearing-friction pile. At the limit load, the soil on the enlarged diameter portion gradually undergoes compression, and stress concentration occurs, which is local shear failure. The position of the enlarged diameter of the P-2 pile is low, so there is no displacement of the pile top ground. The position of the enlarged diameter of the P-3 pile is relatively high, and the displacement and plastic strain area of the pile top surface is large, and the surface is bulged.
Destruction Form of Foundation Soil of Double-Expanded Section with Small Diameter Expansion
It can be seen from Fig. 1(d) that the double-expanded pile (P-4 pile) with small pitch of the enlarged diameter is in the ultimate load, and the failure mode of the upper soil in the upper enlarged diameter is the local shear failure. The stress is mainly concentrated on the upper surface of the upper diameter expansion portion. There is no uplift in the soil on the top of the pile. The soil in the lower part of the upper enlarged diameter portion does not have the phenomenon of separation of piles and soils, and the soil between the upper and lower expanded diameter portions and the two enlarged diameter portions constitute a new expanded diameter portion.
Deformation Form of Foundation Soil of Double-Expanded Section With Large Diameter Expansion
It can be seen from Fig. 1(e) that the double-expanded pile (P-5 pile) with large spacing between the enlarged diameters is subjected to partial shear at the limit load, and the upper part of the upper and lower enlarged diameters is partially sheared. The failure is characterized by the characteristics of the two-point end bearingfriction pile. The stress is concentrated only on the upper part of the enlarged diameter portion, and the plastic failure area of the upper enlarged diameter portion is significantly larger than the plastic failure area of the lower expanded diameter portion. The upper soil of the upper and lower enlarged diameter portions is separated from the pile body, indicating that no stress superposition occurs between the upper and lower expanded diameter portions, and the two expanded diameter portions work independently of each other.
Multi-Expanded Section Pile Foundation Soil Failure Morphology
It can be seen from Fig. 1(f) that when the multi-expansion section pile (P-6 pile) is subjected to the ultimate load, the failure mode of the upper soil part of the uppermost diameter expansion section is local shear failure, which is expressed as a 3-point end bearing-The characteristics of the friction pile. The three enlarged diameter portions respectively form respective stress concentration regions. The upper soil of the lower expanded diameter portion and the medium expanded diameter portion does not have the phenomenon of separation of piles and soils, and the soil between the upper and lower expanded diameter portions and the three enlarged diameter portions constitute a new expanded diameter portion.
CONCLUSIONS
(1) When the single pile is subjected to the uplifting load, the foundation of the non-extruded pile has not undergone significant deformation and displacement, and the foundation soil at the pile end is separated from the pile body. The final failure mode is the slippage of the pile body and the foundation soil. Destruction; the foundation soil of the single-expansion pile will compress at the upper part of the enlarged diameter portion and local shear failure will occur.
(2) If the spacing of the enlarged diameter portion of the foundation soil of the double-expanded pile is small, the soil will be compressed at the upper end of the upper enlarged diameter portion, and local shear failure will occur, and the two enlarged diameter portions and the middle portion thereof The soil will form a new enlarged diameter portion; if the spacing of the enlarged diameter portion of the foundation soil of the double-expanded pile is large, the soil is compressed at the upper end of the two enlarged diameter portions, and partial shear failure occurs.
(3) The failure mode of the foundation soil of the three enlarged diameter piles is similar to that of the two expanded diameter piles with small spacing between the enlarged diameter sections, and the three enlarged diameter sections finally form a new expanded diameter section at the top. Soil compression occurs in the upper part of the enlarged diameter portion, and local shear failure occurs.
